
The present: application contains subject matter 
disclosed in Japanese Patent Application No. 2000-065384 
filed on March 9, 2000 in the Japan Patent Office, to 
which the present application claims priority, and the 
5 entire contents of which are incorporated herein by 
reference . 

a \-f TITLE OF THE INVENTION 

^ £7' / Optical pickupy^pparatus , optical data recording/ 

10 / reproducing apparatus , and optical data recording/ 
I reproducing method. 

BACKGROUND OF THE INVENTION 
Field of the Invention 
15 The present invention relates to an optical pickup 

apparatus used in optical data recording/reproducing, 
and particularly to an optical pickup apparatus having a 
relatively small size and high performance. 

20 Discussion of the Background 

Generally, in an optical pickup apparatus, a light 
beam emitted from a semiconductor laser diode of a light 
source is transmitted through a diffracting device, and 
the light beam is converted to a parallel light by a 

25 collimating lens and is irradiated onto a surface of an 
optical recording medium by an objective lens. A light 
beam reflected from the surface of the optical recording 
medium is returned via the same optical path as that of 
the irradiated light, is diffracted by the diffraction 

30 device, and is received on a photodetecting device so that 
signal light detection is executed. 

During this signal light detection, unless intensity 
of the light beam from the semiconductor laser diode is 
constant, accurate signal light detection cannot be 

35 executed. Therefore, in conventional optical pickup 

apparatuses , the power of the emitted light beam has been 
monitored. 

jT^^ccT) /intone such optical pickup apparatus, in Japanese 
Patent No A 25432^7 for example, an optical disk apparatus 

40 is proposed which includes a laser light emitting device 
serving as a light source, and a first optical device 
which focuses a light emitted from the laser light 
emitting device onto a data recording surface serving as 
an optical disk. A second optical device includes a first 

45 region f oo: generating a first diffracting light of a 
transmitting type hologram, which generates a first 
diffracting^ light corresponding to a focusing error or a 
tracking err^r in an optical pickup with respect to the 
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data^recording surface of the optical disk on the basis of 
a lightv^ref lected from the data recording surface, and a 
second region for generating a second diffracting light 
of a reflection type hologram, the second region being 
5 coated on its surface by a film of a predetermined 
reflectance and which generates a second diffracting light 
corresponding to a monitor light by reflecting and 
diffracting a part of the light emitted from the laser 
light emitting device toward the data recording surface. 

10 A photodetector detects the first and the second 
diffracting lights generated by the second optical device, 
and a focusing controlling device focuses the light beam 
accordi/ng to an output of the photodetector . A tracking 
controlling device tracks a predetermined position 

15 according to an output of the photodetector, and an output 
controlling device controls an output of the laser light 
emitting device to a predetermined value according to an 
output of the photodetector . 

v Namely, in the above described optical disk 

20 apparatus, the second optical device is provided with a 
first region for generating a first diffracting light 
which generates the first diffracting light, corresponding 
to a focusing error or a tracking error of an optical 
pickup with respect to a data recording surface of the 

25 optical disk on the basis of a light reflected from the 
data recording surface , and a second region for 

generating a second diffracting light, the second region 
being coated on its surface by a film of a predetermined 
reflectance and which generates a second diffracting light 

30 corresponding to the monitor light by reflecting and 
diffracting a part of a light emitted from a laser 
emitting device toward the data recording surface. 
Further, the first diffracting light and the second 
diffracting light which are generated in the second 

35 optical device are detected on a photodetector, and the 
output of the laser light emitting device is controlled by 
using the output of the photodetector of this optical disk 
apparatus . Thereby, the optical pickup apparatus is made 
small in size and at low cost. 

40 Also, a technique to increase light utilization 

efficiency and to obtain a signal of high signal to noise 
ratio by using a polarization hologram has been proposed 
(see "HOE unit of high efficiency for DVD (2)" in Applied 
Physics Society in spring of 1998) . 

45 In this technique, signal light detection is executed 

by using a polarization hologram, and further a reflection 
hologram, which is not a polarization hologram but a 
general hologram and formed beside the polarization 
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hologram, for detecting a monitor light The reflection 
hologram Is formed on a board which Is separate from the 
board of the polarization hologram for signal light 
detection, and the two boards are aligned in position, 
5 pasted, and integrated to each other. 

However , in such conventional techniques , in order to 
further reduce size and lower cost, and also to detect a 
signal further accurately, further improvement has been 
necessary . 

10 Namely, in the optical disk apparatus disclosed in 

Japanese Patent No. 2543227, the second optical device is 
provided with a first region for generating a first 
diffracting light of a transmitting type hologram which 
generates a first diffracting light corresponding to a 

15 focusing error and a tracking error in an optical pickup 
with respect to a data recording surface on the basis of 
the light reflected from an optical recording surface, and 
a second region, for generating a second diffracting light 
of a reflecting type hologram, which is coated on its 

20 surface by a film of a predetermined reflectance and which 
generates a second diffracting light corresponding to a 
monitor light by reflecting and diffracting a part of a 
light emitted from a laser light emitting device toward 
the data recording surface . If the optical pickup 

25 apparatus is configured such that a transmitting type 
hologram and a reflecting type hologram are used for 
increasing the light utilization efficiency and for 
obtaining a signal of high signal to noise ratio and both 
holograms exist together on one board for reducing the 

30 cost of the apparatus, optimum processing can be executed 
only for one of the holograms. Therefore, there are 
problems in that light utilization efficiency and accuracy 
of signal light detection are reduced. 

Further, in the technique disclosed in the HOE unit 

35 of high efficiency for DVD (2) , the signal light detection 
is executed by using a polarization hologram, and further 
a reflection hologram, which is not a polarization 
hologram but a general hologram and formed beside the 
polarization hologram, for detecting a monitor light.. 

40 With this technique, there are problems in that 
diffraction efficiency of a monitor light is about 20 % at 
most, and that flare light is large. In addition, 
because the reflection hologram is formed beside the 
polarization hologram, and alignment of the positions of 

45 the polarization hologram and the reflection hologram is 
required to be executed with high accuracy, the 

manufacturing efficiency is relatively low, the size of an 
apparatus is relatively large, and the cost of the 
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apparatus is relatively high. 

SUMMARY OF THE INVENTION 
Accordingly, an object of the present invention is 
5 to provide an optical pickup apparatus used in an optical 
data recording/ reproducing apparatus, in which a signal 
light and a monitor light are guided to one photode tec ting 
device by using only a transmitting type diffracting 
device of a transmitting type hologram, and thereby light 
10 utilization efficiency can be improved, and accuracy of 
monitor light detection and signal light detection can be 
improved . 

Another object of the present invention is to 
provide an optical pickup apparatus , which can be 

15 relatively small in size, simple in assembling and low in 
cost, and in which monitor light detection and signal 
light detection can be more stable and accurate. 

Another object of the present invention is to 
provide an optical pickup apparatus, in which diffracting 

20 efficiency of a diffracting device can be improved, a 
flare light can be reduced, and monitor light detection 
and signal light detection can be performed with increased 
sensitivity . 

Another object of the present invention is to 

25 provide an optical pickup apparatus in which monitor 
lights with respect to light sources of plural wavelengths 
are detected on one detecting device, and thereby a 
circuit can be relatively simple and low in cost, and 
accuracy of monitor light detection and signal light 

30 detection can be improved. 

Another object of the present invention is to 
provide an optical pickup apparatus , in which a reflecting 
portion of an optical device with a reflecting portion and 
a diffracting portion of a diffracting device are formed 

35 in positions corresponding to each Far Field Pattern (FFP) 
of lights of different wavelengths , and in which the 
diffracting device can be relatively simple in structure, 
and monitoring light detection and signal light detection 
can be performed with increased sensitivity. 

40 Another object of the present invention is to 

provide an optical pickup apparatus in which, with respect 
to each of light beams of plural wavelengths, diffracting 
efficiency can be improved, flare light can be reduced, 
and monitor light detection and signal light detection can 

45 be performed with increased sensitivity. 

Another object of the present invention is to 
provide an optical pickup apparatus, in which intensity of 
a light beam which is guided to a photodetecting device 
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within diffracting lights of ± first order is larger, and 
signal to noise ratio of monitor light detection and 
signal light detection can be improved, and a flare light 
can be reduced. 

5 Those and other objects and advantages are achieved by the 
present invention which provides an optical pickup 
apparatus for reading/ reproducing data on an optical 
recording medium, including a light source configured to 
emit a light beam, a diffracting device configured to 

10 transmit the light beam emitted from the light source and 
to diffract a light beam reflected from the optical 
recording medium, an optical device having a reflecting 
portion and a transmitting portion, configured to reflect 
one part of the light beam emitted from the light source 

15 to the diffracting device by the reflecting portion and to 
transmit another part of the light beam emitted from the 
light source to the optical recording medium by the 
transmitting portion, and to transmit the light beam 
reflected from the optical recording medium to the 

20 diffracting device by the transmitting portion, a 
photodetecting device configured to detect the light beam 
reflected from the optical recording medium through the 
optical device and the diffracting device for signal light 
detection, and wherein the diffracting device includes a 

25 diffracting portion to diffract the part of the light beam 
reflected by the reflecting portion of the optical device 
to the photodetecting device, so as to be detected on the 
photodetecting device for monitor light detection of the 
light source . 

30 A more complete appreciation of the present 

invention and many of the attendant advantages thereof 
will be readily obtained as the same becomes better 
understood by reference to the following detailed 
description when considered in conjunction with 

35 accompanying drawings , wherein : 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view illustrating an optical 
40 pickup apparatus used in an optical data 
recording/reproducing apparatus of one embodiment of the 
present invention ; 

Figure 2 is a plan view illustrating an optical 
device of the apparatus in Figure 1 ; 
45 Figure 3 is a plan view illustrating a diffracting 

device of the apparatus in Figure 1 ; 

Figure 4 is a plan view illustrating a photodetecting 
device of the apparatus in Figure 1 ; 
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Figure 5 is a schematic view illustrating an optical 
pickup apparatus according to another embodiment of the 
present invention ; 

Figure 6 is a schematic view illustrating an optical 
5 pickup apparatus of Figure 5 having two photodetecting 
devices ; 

Figure 7 is a schematic view illustrating an optical 
pickup apparatus of Figure 5 having one photodetecting 
device ; 

10 Figure 8 is a schematic view illustrating an optical 

pickup apparatus according to another embodiment of the 
present invention ; 

Figure 9 is a schematic view illustrating an optical 
pickup apparatus according to another embodiment of the 
15 present invention ; 

Figure 10 is a plan view illustrating a diffracting 
portion of the optical pickup apparatus in Figure 9; 

Figure 11 is a view illustrating one kind of optical 
pickup apparatus in Figure 9 ; 
20 Figure 12 is a plan view illustrating another type of 

diffracting portion in Figure 10; 

Figure 13 is a side view illustrating a diffracting 
device with a reflecting portion in" which a diffracting 
element and an optical element with a reflecting portion 
25 for monitor are integrated, ; and ^ \^ 

Figure 14 is a side view illustrating another 
diffracting device with a reflecting portion^ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 

Figures 1—4 are views illustrating an optical 
pickup apparatus of a first embodiment of the present 
invention . 

Figure 1 is a schematic view illustrating an optical 
35 pickup apparatus 1 used in an optical data 
recording/reproducing apparatus of the first embodiment of 
the present invention . The optical pickup apparatus 1 is 
provided with a semiconductor laser diode 2 serving as a 
light source, a diffracting device 3, an optical device 
40 with reflecting portion for monitor 4 , a collimating lens 
5, an objective lens 6, and a photodetecting device 7. 

The semiconductor laser diode 2 and the 
photodetecting device 7 are formed on one board 8 , and a 
light beam is emitted toward the diffracting device 3 by 
45 the semiconductor laser diode 2 . The light beam emitted 
toward the diffracting device 3 is incident to the 
collimating lens 5 through the diffracting device 3 and 
the optical device with reflecting portion for monitor 4. 
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In the optical device with reflecting portion for 
monitor (an optical device with reflecting portion) 4, as 
illustrated in Figure 2, a reflecting portion 4a is formed 
in its peripheral portion, and a transmitting portion 4b 
5 is formed in its center portion. The optical device with 
reflecting portion for monitor 4 transmits only a light 
beam which is incident to the transmitting portion 4b of 
the center portion from the diffracting device 3 so as to 
be incident to the collimating lens 5 . The light beam 
10 which is incident to the reflecting portion 4a of its 
peripheral portion is reflected toward the diffracting 
device 3 . 

The collimating lens 5 converts the incident light 
into a parallel light so as to be incident to the 

15 objective lens 6. The objective lens 6 focuses the light 
beam which is incident from the collimating lens 5 so as 
to be irradiated onto a data recording surface of an 
optical recording medium 10. 

The light which is incident onto the optical 

20 recording medium 10 is diffracted by a track formed on the 
data recording medium surface, and is then reflected as a 
reflected light to the objective lens 6. The reflected 
light is incident to the collimating lens 5 through the 
objective lens 6 . 

25 The reflected light which is incident to the 

collimating lens 5 is incident to the optical device with 
reflecting portion for monitor 4 through the collimating 
lens 5, and further it is incident to the diffracting 
device 3 through the transmitting portion 4b of the device 

30 with reflecting portion for monitor 4 . 

The diffracting device 3 is provided with a 
diffracting portion for signal 3a in its center portion, 
and a diffracting portion for monitor 3b in its peripheral 
portion, as illustrated in Figure 3. Also, the 

35 diffracting device 3 is a transmitting type diffracting 
device of a transmitting type hologram. 

In the diffracting device 3 , the reflected light 
which is reflected from the optical recording medium 10 
and which passes through the collimating lens 5 and the 

40 optical device with reflecting portion for monitor 4, is 
incident onto the diffracting portion for signal 3a. By 
the diffracting portion for signal 3a, the reflected light 
from the optical recording medium 10 is diffracted and is 
made incident onto the photodetecting device 7. Also, the 

45 reflected light which is reflected on the reflecting 
portion 4a of the optical device with reflecting portion 
for monitor 4 is incident onto the diffracting portion for 
monitor 3b of the diffracting device 3. By the 

7 

1253690 v1; QVCQ01I.DOC 
1253690 v1; QVCQ01I.DOC 




diffracting portion for monitor 3b, the reflected light 
from the reflecting portion 4a of the optical device with 
reflecting portion for monitor 4 is diffracted so as to be 
incident onto the photodetecting device 7 . 
5 In the photodetecting device 7 , a photodetecting 

portion for signal light detection 7a and a photodetecting 
portion for monitor light detection 7b are arranged in 
respective regions of the photodetecting device 7 , as 
illustrated in Figure 4 . To the photodetecting portion 

10 for signal light detection 7a, the light beam which is 
diffracted in the diffracting portion for signal 3a of the 
diffracting device 3 is incident, and to the 
photodetecting portion for monitor light detection 7b, the 
light beam which is diffracted in the diffracting portion 

15 for monitor 3b of the diffracting device 3 is incident, 
respectively . 

^T%>c^^ Tfia photodetecting portion for signal light detection 
7a and 1 the photodetecting portion for monitor light 
detection 7b detect the incident light beams , and output 

20 signals/ corresponding to the properties of the detected 
lights ,\ receptively . 

Next, the function of the above described embodiment 
will be described. In the optical pickup apparatus 1 of 
this embodiment, a light beam emitted from the 

25 semiconductor laser diode 2 passes through the diffracting 
device 3 and the transmitting portion 4b of the optical 
device with reflecting portion for monitor 4 , and is 
incident onto the collimating lens 5 . The light beam is 
converted to a parallel light beam by the collimating lens 

30 5 so as to be incident onto the objective lens 6. The 
light beam, which is incident onto the objective lens 6 
from the collimating lens 5, is irradiated by the 
objective lens 6 onto a data recording surface of the 
optical recording medium 10. The reflected light, which 

35 is diffracted and reflected on the data recording surface 
of the optical recording medium 10, passes through the 
objective lens 6 and the collimating lens 5, which are 
installed on the same optical path as that of the light 
from the light source 2 toward the optical recording 

40 medium, so as to be incident onto the optical device with 
reflecting portion for monitor 4 . 

In the optical pickup apparatus 1 , the reflected 
light, which is incident onto the optical device with 
reflecting portion for monitor 4 , passes through the 

45 transmitting portion 4b so as to be incident onto the 
diffracting portion for signal 3a of the diffracting 
device 3. The light which is reflected from the optical 
recording medium 10 is incident onto the detecting portion 
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for signal light detection 7a of the photodetecting device 
7 by the diffracting portion for signal 3a as the light 
beam for signal, and the light beam for signal is detected 
on the photodetecting portion for signal light detection 
5 7a of the photodetecting device 7 . 

Additionally , in the optical pickup apparatus 1, the 
optical device with reflecting portion for monitor 4 is 
provided with the reflecting portion 4a in its peripheral 
portion . 

10 The light beam emitted from the semiconductor laser diode 
2, which passes through the diffracting device 3 and which 
is incident to the reflecting portion 4a formed in the 
peripheral portion of the optical device with reflecting 
portion for monitor 4, is reflected on the reflecting 

15 portion 4a to the diffracting portion for monitor 3b of 
the diffracting device 3. The light beam, which is 
reflected to the diffracting portion for monitor 3b, is 
incident onto the photodetecting portion for monitor light 
detection 7b of the photodetecting device 7 as a light 

20 beam for monitor, and the light beam for monitor is 
detected by the photodetecting portion for monitor light 
detection 7b . 

As described above, in the optical pickup apparatus 1 of 
this embodiment, when a light beam from the semiconductor 

25 laser diode 2 serving as a light source is irradiated onto 
a recording surface of the optical recording medium 10 
through the diffracting device 3 and a reflected light 
from the optical recording medium 10 is diffracted by the 
diffracting device 3 so as to be focused and irradiated 

30 onto the photodetecting device 7 . The reflecting portion 
4a of the optical device with reflecting portion for 
monitor 4 reflects a part of the light beam, which is 
emitted from the semiconductor laser diode 2 and which 
passes through the diffracting device 3, to the 

35 diffracting device 3, and the diffracting portion for 
monitor 3b diffracts the light reflected from the device 
with reflecting portion for monitor 4 to the 
photodetecting device 7 . 

Therefore, by using only a transmitting type diffracting 
40 device of a transmitting type hologram, a signal light 
from the optical recording medium 10 and a monitor light 
are both guided to the one photodetecting device 7 . As a 
result, the light utilization efficiency and the accuracy 
of monitor light detection can be improved and further the 
45 accuracy of signal light detection can be improved. 

Figure 5 is a schematic view illustrating an optical 
pickup apparatus according to a second embodiment of the 
present invention. In this embodiment, a diffracting 
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element: and an optical element: with reflecting portion are 
integrated . 

The optical pickup apparatus of this embodiment is 
substantially the same as that of the first embodiment, 
5 and the same portions as those of the first embodiment are 
designated and described by the same reference numerals . 

In Figure 5, an optical pickup apparatus 20 of this 
embodiment is provided with a diffracting device with 
reflecting portion 21, and in the diffracting device with 
10 reflecting portion 21, a diffracting element 22 and an 
optical element with reflecting portion for monitor 23 are 
integrated. 

A light beam emitted from the semiconductor laser diode 2 
is incidentx^nto the diffracting element 22 , , and the 
'diffracting element 22 transmits the incident light beam 
to tl^efoptical element with reflecting portion for monitor 

In the optical element with reflecting portion for monitor 
23, a reflecting portion 23a is formed in its peripheral 

20 portion and a transmitting portion 23b is formed in its 
center. The reflecting portion 23a reflects a light beam, 
which passes through the diffracting element 22 and which 
is incident to the reflecting portion 23a, toward the 
diffracting element 22 . 

25 The diffracting element 22 has substantially the same 

structure as that of the diffracting device 3 of the first 
embodiment, not illustrated in Figure 5, and a diffracting 
portion for signal is formed in its center portion and a 
diffracting portion for monitor is formed in its 

30 peripheral portion. A light beam reflected by the 
reflecting portion 23a of an optical element with 
reflecting portion for monitor 23 is incident onto the 
diffracting portion for monitor of the diffracting element 
22, and the incident light is diffracted toward the 

35 photode tec ting device 7 by the diffracting portion for 
monitor. As in the diffracting device 3 of the above 
described first embodiment, the light beam which is 
reflected from the optical recording medium 10 and which 
passes through the transmitting portion 23b of the optical 

40 element with reflection portion for monitor 23 is incident 
onto the diffracting portion for signal of the diffracting 
element 22. Therefore, the light beam is diffracted 
toward the photodetecting device 7 by the diffracting 
portion for signal of the diffracting element 22 . 

45 As described above, in the optical pickup apparatus 

20, the diffracting element 22 and the optical element 
with reflecting portion for monitor 23 are integrated as 
the diffracting device with reflecting portion 21. 
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Therefore, the optical pickup apparatus 20 can be 
made relatively small in size, and simpler to assemble. 
Further, stable and accurate signal light detection and 
monitor light detection can be achieved. 
5 In this embodiment, a light beam for monitor which 

is reflected on the reflecting portion 23a of the optical 
element with reflecting portion for monitor 23, is 
diffracted by the diffracting portion for monitor of the 
diffracting element 22 so as to be incident onto the one 

10 photodetecting device 7. However, two photodetecting 
devices 25 and 26 can be arranged as illustrated in Figure 
6. The light beam for monitor, which is reflected on the 
reflecting portion 23a of the peripheral portion of the 
optical element with reflecting portion for monitor 23, is 

15 divided into two parts by the diffracting portion for 
monitor of the diffracting element 22, and respective 
parts of the light beam are diffracted toward nearer one 
of the photodetecting devices 25 and 26 so as to be 
respectively detected by the photodetecting devices 25 and 

20 26. In this case, a photodetecting portion for signal 
light detection and a photodetecting portion for monitor 
light detection are both formed in one of the 
photodetecting devices 25 and 26, and only a 
photodetecting portion for monitor light detection is 

25 formed in the other of the photodetecting devices 25 and 

26. The light beam for signal which is reflected from the 
optical recording medium 10 and which is diffracted in the 
diffracting element 22 , is incident onto one of the 
photodetecting devices 25 and 2 6 in which both the 

30 photodetecting portion for signal light detection and the 
photodetecting portion for monitor light detection are 
formed . 

Further, in Figure 6, the two photodetecting devices 
25 and 26 are arranged so that a light beam for monitor, 

35 which is reflected from the reflecting portion 23a formed 
in the peripheral portion of the optical element with 
reflecting portion for monitor 23 and divided into two 
parts by the diffracting portion for monitor of the 
diffracting element 22 , is incident onto the two 

40 photodetecting devices 25 and 26. However, as illustrated 
in Figure 7, only one detecting device 27 may be arranged 
as in the first embodiment. A reflecting portion 23c is 
formed only in a predetermined area of the peripheral 
portion of the optical element with reflective portion for 

45 monitor 23 which is farther from the photodetecting device 

27, and the reflecting portion 23c is not formed in the 
peripheral portion which is nearer to the photodetecting 
device 27 . 
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In this case, the light beam for monitor which is 
reflected from the reflecting portion 23c of the optical 
element with reflecting portion for monitor 23 is 
diffracted toward the photode tec ting device 27 by the 
5 diffracting portion for monitor of the diffracting element 
22, and this light beam for monitor is detected on the 
photode tec ting device 27. 

Namely , in general , a diffracting device cannot diffract 
100% of an incident light, and, for example a non- 
10 diffracting light (a transmitting light) Ln, indicated by 
a dashed line in Figures 6 and 7 , is more or less 
generated within an incident light which is reflected from 
the reflecting portion 23a. Because this non-diffracting 
light Ln is a radiating light, it may be incident onto the 

15 photode tec ting devices 25 and 26 as a flare light, and 
thereby cause detecting accuracy to be reduced. 

On the other hand, as illustrated in Figure 7, by 
arranging the reflecting portion 23c only in a 
predetermined area of the peripheral portion of the 

20 optical element with reflecting portion for monitor 23 
which is farther from the photodetecting device 27, flare 
light effects can be reduced. Light is reflected from the 
reflecting portion 23c by the diffracting portion for 
monitor of the diffracting element 22 toward the 

25 photodetecting device 27 . Because the non-diffracting 
light Ln transmitted, through the diffracting portion for 
monitor, which is nearer to the reflecting portion 23c of 
the diffracting element 22 , is further apart from the 
photodetecting device 27, as illustrated in Figure 7, the 

30 non-diffracting light Ln can be prevented from being 
incident onto the photodetecting device 27 as a flare 
light. Therefore, detecting accuracy of a light beam for 
monitor can be improved. 

In Figure 7 , the position of the photodetecting 

35 device 27 may be determined in relation to the amount of a 
light beam for monitor, or an electric system etc. of the 
optical pickup apparatus 20. 

Figure 8 is a view illustrating an optical pickup 
apparatus according to a third embodiment of the present 

40 invention. In this embodiment, a polarization hologram 
and a quarter wave plate are used as a diffracting 
element, and further, the polarization hologram, the 
quarter wave plate and an optical element with reflecting 
portion for monitor are integrated. 

45 The optical pickup apparatus in this embodiment is 

substantially the same as that of the first embodiment, 
and the same portions as those of the first embodiment are 
designated and described by the same reference numerals . 
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In Figure 8, an optical pickup apparatus 30 is 
provided with a diffracting device with reflecting portion 
31, and in the diffracting device with reflecting portion 
31, a polarization hologram 32, a quarter wave plate 33, 
5 and an optical element with reflecting portion for monitor 
34 are integrated. 

A light beam which is emitted from the semiconductor 
laser diode 2 is incident onto the polarization hologram 
32 . The light beam emitted from the semiconductor laser 

10 diode 2 is a linear polarization light. The polarization 
hologram 32 has a relatively high transmittance , and it 
transmits a light beam of linear polarization emitted from 
the semiconductor laser diode 2 nearly 100 % so as to be 
incident to the quarter wave plate 33. 

15 The quarter wave plate 33 converts a light beam 

which is incident thereto from the polarization hologram 
32 into a circular polarization light so as to be incident 
onto the optical element with reflecting portion for 
monitor 34 . 

20 In the optical element with reflecting portion for 

monitor 34, a reflecting portion 34a is formed only in a 
predetermined area which is farther from the position of 
. the photodetecting device 7 , and the remaining area is a 
transmitting portion 34b. The optical element with 

25 reflecting potion for monitor 34 transmits the light beam 
through its transmitting portion 34b, and the light beam 
is irradiated onto a data recording surface of the optical 
recording medium 10 through the collimating lens 5 and the 
objective lens 6 as in the first embodiment, and the 

30 reflected light which is reflected from the data recording 
surface of the optical recording medium 10 and which 
passes through the objective lens 6 and the collimating 
lens 5 is incident onto the quarter wave plate 33 through 
the transmitting portion 34b. A light beam which is 

35 incident onto the reflecting portion 34a is reflected to 
the quarter wave plate 33 as a light beam for monitor, as 
illustrated by an arrow sign in Figure 8 . 

The quarter wave plate 33 converts an incident light 
beam into a linear polarization light to be incident to 

40 the polarization hologram 32 . 

The polarization hologram 32 diffracts an incident 
light beam toward the photodetecting device 7 so as to be 
detected on the photodetecting device 7 . 

The light beam which is incident onto the 

45 polarization hologram 32 includes a light beam for signal 
which is reflected from the optical recording medium 10 
and a light beam for monitor which is reflected on the 
reflecting portion 34a of the optical element with 
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reflecting portion for monitor 34 . From the polarization 
hologram 32 , the light beam for signal is incident onto 
the photodetecting portion 7a of the photodetecting device 
7 and the light beam for monitor is incident onto the 
5 photodetecting portion for monitor 7b of the 
photodetecting device 7 . 

With respect to a light beam which is reflected from 
the optical recording medium 10 and which is incident onto 
the polarization hologram 32 , and a light beam which is 

10 reflected from the reflecting portion 34a of the optical 
element with reflecting portion for monitor 34 and which 
is incident to the polarization hologram 32 , the 
polarization state is rotated 90 degrees. Therefore, 
transmittance of the polarization hologram 32 is 

15 relatively low and diffraction efficiency is relatively 
high. As a result, a light beam which is diffracted by 
the polarization hologram 32 can be incident onto the 
photodetecting device 7 with a relatively high degree of 
efficiency (30 % or more) , and accuracy of signal light 

20 detection and monitor light detection can be improved. 

Also, in the conventional technique described in "HOE 
unit of high efficiency for DVD (2) " in Applied Physics 
Society in spring of 1998, as described above, signal 
light detection is executed by using a polarization 

25 hologram, however, monitor light detection is executed by 
a general reflection hologram, which is not a polarization 
hologram, in addition to the polarization hologram for 
signal light detection. Therefore, there is a problem 
that a reflection hologram needs to be formed besides the 

30 polarization hologram. Further, there are problems in 
that the diffraction efficiency of a monitor light is 
about 20 % at most, and that the flare light is large. In 
addition, the alignment of positions between the 
polarization hologram and the reflection hologram needs to 

35 be accurate, thereby decreasing the manufacturing 
productivity. Additionally, the size of an apparatus and 
the cost of an apparatus are increased. 

On the other hand, in the optical pickup apparatus 30 
of this embodiment, instead of a reflection hologram, the 

40 reflecting portion 34a of the optical element with 
reflecting portion for monitor 34 is used. Therefore, the 
manufacturing of an apparatus is relatively easy. 
Further, the alignment at high accuracy is not necessary 
because only reflection has to be done. Further, the 

45 diffraction efficiency can be improved, and the flare 
light can be reduced because the monitoring light is also 
diffracted by using the polarization hologram 32 . 

Especially, in the optical pickup apparatus 30 of 
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this embodiment, the reflecting portion 34a of the optical 
element with reflecting portion for monitor 34 is only 
formed in a predetermined area in a position apart from 
the photodetecting device 7. Therefore, the flare light 
5 can be further prevented from being incident onto the 
photodetecting device 7 . 

Figures 9—11 are views illustrating an optical 
pickup apparatus according to a forth embodiment of the 
present invention, in which the light beams for monitor 

10 are picked up from the light beams from two light sources 
of two different wavelengths . 

The optical pickup apparatus in this embodiment is 
substantially the same as that of the first embodiment, 
and the same portions as those of the first embodiment are 

15 designated and described by the same reference numerals. 

In Figure 9, an optical pickup apparatus 40 is 
provided with two semiconductor laser diodes 41 and 42, a 
diffracting device with reflecting portion 43, a 
photodetecting device 44, and a collimating lens 5 and an 

20 objective lens 6 etc. which are not illustrated in the 
figure and which are substantially the same as those in 
the first embodiment. 

The semiconductor laser diodes 41 and 42 emit a light 
beam of a wavelength (for example 650 or 635 nm) for a 

25 medium of a DVD system and a light beam of a wavelength 
(for example 780 nm) for a medium of a CD system toward a 
diffracting device with reflecting portion 43 . 

In the diffracting device with reflecting portion 43, 
a diffracting element 45 and an optical element with 

30 reflecting portion for monitor 46 are integrated, and 
light beams emitted from the semiconductor laser diodes 41 
and 42 are incident onto the diffracting element 45 . 

In the diffracting element 45, as illustrated in 
Figure 10, a diffracting portion for signal 47 is formed 

35 in its center portion and a diffracting portion for 
monitor 48 is formed in its peripheral portion. In the 
diffracting portion for monitor 48, a hologram 49 for 650 
nm (or 635 nm) and a hologram 50 for 780 nm wavelength 
light beams are formed alternatively. 

40 In the optical element with reflecting portion for 

monitor 46, a reflecting portion 46a is formed only in a 
predetermined area of its peripheral portion which is 
farther from the photodetecting device 44 (the reflecting 
portion 46a is not formed in its peripheral portion which 

45 is nearer to the photodetecting device 44) , and a 
transmitting portion 4 6b is formed in its center portion. 
In the optical element with reflecting portion for monitor 
46, the light beams which are incident from the 
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diffracting portion 45 to the transmitting portion 46b of 
its center portion are transmitted so as to be incident 
onto the collimating lens 5, and the light beams which are 
incident onto the reflecting portion 46a of its peripheral 
5 portion are reflected toward the diffracting element 45. 

The light beams which are reflected from the 
reflecting portion 46a of the optical element with 
reflecting portion for monitor 46 are incident onto the 
diffracting element 45, and the incident light beams are 

10 diffracted toward the photode tec ting device 44 according 
to respective wavelengths of the two light beams by the 
holograms 49 and 50 so that the two light beams are 
detected on the photodetecting device 44. 

Next, the function of the above described embodiment 

15 will be described. As described above, the optical pickup 
apparatus 40 is provided with the semiconductor laser 
diodes 41 and 42 which emit light beams of the wavelengths 
of a DVD system medium and that of a CD system medium in 
order to record and reproduce data on both system mediums. 

20 For example, light beams of the wavelengths of 650 run (or 
635 nm) and 780 nm are emitted. 

Of the light beams which are emitted from the 
semiconductor laser diodes 41 and 42 and which are 
transmitted through the diffracting element 45 of the 

25 diffracting device with reflecting portion 43, the light 
beams which are incident onto the reflecting portion 46a 
of the optical element with reflecting portion for monitor 
46 are reflected onto the diffracting element 45 as a 
light beam for monitor. 

30 Referring now to Figure 11, if the diffracting 

element 45 includes a diffracting portion 51 which has the 
same structure as the diffracting device 3 as illustrated 
in Figure 3 and which corresponds to only one kind of 
wavelength , both light beams of two kinds of wavelengths 

35 which are emitted from the semiconductor laser diodes 41 
and 42 cannot be detected on the detecting device 44 . 

Namely, if the light beams which have different 
wavelengths are diffracted by one kind of a diffracting 
portion 51 , they are focused on different positions due to 

40 chromatic aberration. If the diffracting portion 51 
corresponds only to one wavelength of the two light beams, 
as illustrated by a solid line in Figure 11, the light 
beam of the corresponding wavelength can be detected on 
the detecting device 44 , but the light beam of the other 

45 wavelength is focused on a position which is shifted from 
the photodetecting device 44, as illustrated by a dashed 
line in Figure 11 . 

In this case, if the photodetecting device 44 has to 
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be large, or two photodetecting devices have to be 
arranged at positions corresponding to different 
wavelength, respectively, so that detection of the two 
light beams can be achieved. However, other problems 
5 occur such as that the size of an optical pickup apparatus 
is increased and the cost is increased. 

However, in the optical pickup apparatus 40 of this 
embodiment , the diffracting element 45 has the diffracting 
portion for monitor 48 in which the hologram 49 for 650 nm 

10 (or 635 nm) and the hologram 50 for 780 nm wavelengths are 
formed alternatively. Therefore, the light beams of 
different wavelengths which are emitted from the 
semiconductor laser diodes 41 and 42 are diffracted to the 
photodetecting device 44 by the holograms 49 and 50, 

15 respectively, so as to be detected on the photodetecting 
device 44, as illustrated in Figure 9. 

Therefore, with respect to the semiconductor laser 
diodes 41 and 42 that emit plural wavelengths, the monitor 
light signals can be detected by one detecting device 44, 

20 and thereby the circuit can be simple and the cost can be 
decreased. In addition, the accuracy of monitor light 
detection and the accuracy of signal light detection can 
be improved . 

In this embodiment, although the/holograms 49 and 50 in 
25 the diffracting portion for monitor 48 are alternatively 
.V-^ormed around the circumf erenpre of the diffracting portion 
yVfor signal 47, the forminjgr method of the two kinds' of 
f /holograms is not so limited. For example, as illustrated 
in Figure 12, because ttfe light beam is different in FFP 
(Far Field Pattern) whdxih is the intensity distribution of 
a profile of a light/beam according to the wavelength, the 
reflecting portions of the optical element with reflecting 
portion for monitor 46 may be formed only at positions 
corresponding to FFP of each wavelength, and a hologram 53 
35 and a hologram 54 for respective wavelengths of the two 
light beams/ may be formed at positions corresponding to 
the reflecting portions formed as corresponding to the 
positiojtfs of the FFP. In a diffracting element 52 in 
Figure^l2 , the hologram 53 is for 650 nm (or 635 nm) and 
40 the >/ lu>logram 54 is for 780 nm wavelengths . 

Thereby, the reflecting portion of the optical 
element with reflecting portion for monitor 46 and the 
holograms 53 and 54 of the diffracting element 52 can be 
arranged at the positions which correspond to the FFP of 
45 the light beams of the different wavelengths, and 
therefore a simple structure can be achieved. Further, 
signal light detection and monitor light detection can be 
achieved with further increase in sensitivity. 
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In this embodiment, although the diffracting element 
45 and the optical element with reflecting portion for 
monitor 46 are integrated in the diffracting device with 
reflecting portion 43, the diffracting element 45 may be 
5 arranged so as to be apart from the optical element with 
reflecting portion for monitor 46 as in the first 
embodiment. However, by configuring the diffracting 

device with reflecting portion 43 such that the 
diffracting element 45 and the optical element with 

10 reflecting portion for monitor 46 are integrated as in 
this embodiment , the size of an apparatus can be small 
made relative small. In addition, the portions to be 
aligned are decreased so that the manufacturing 
productivity can be improved. 

15 Further, in this embodiment, although the diffracting 

device with reflecting portion 43 in which the diffracting 
element 45 and the optical element with reflecting portion 
for monitor 46 are integrated is used, diffracting device 
with reflecting portion for monitor which includes a 

20 polarization hologram, a quarter wave plate and an optical 
element with reflecting portion for monitor can be also 
used. 

Figures 13 and 14 are views illustrating an optical 
pickup apparatus of a fifth embodiment, in which, the 
25 section form of a diffracting element is formed in a 
bilateral asymmetry, so that the amount of the light is 
increased. 

The optical pickup apparatus in this embodiment is 
substantially the same as of the first embodiment, and the 

30 same portions as those of the first embodiment are 
designated and described by the same reference numerals . 

Figure 13 is a side view illustrating a diffracting 
device with reflecting portion 60 which is used in the 
optical pickup apparatus according to a fifth embodiment 

35 of the present invention. In the diffracting device with 
reflecting portion 60 , a diffracting element 61 and an 
optical element with reflecting portion for monitor 62 are 
integrated . 

A junction 63 between the diffracting element 61 and 
40 the optical element with reflecting portion for monitor 62 
is formed at its section in a blaze form of a bilateral 
asymmetry In the optical element with reflecting portion 
for monitor 62 , a reflecting portion 62a is formed in its 
peripheral portion and a transmitting portion 62b is 
45 formed in its center portion . 

A light beam emitted from the semiconductor laser diode 
2, not illustrated in Figure 13, is incident onto the 
diffracting portion 61, and the incident light beam is 
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'transmit; t:ed to the optical element with reflecting portion 
for monitor 62 by the diffracting element 61 . 

In the optical element with reflecting portion for 
monitor 62 , a light beam which is incident onto the 
5 transmitting portion 62b is irradiated onto a data 
recording surface of the optical recording medium 10 
through the collimating lens 5 and the objective lens 6, 
not illustrated in Figure 13. The reflected light from 
the optical recording medium 10 is incident onto the 

10 optical element with reflecting portion for monitor 62 
through the objective lens 6 and the collimating lens 5. 
The incident light beam is then transmitted to the 
diffracting element 61 . 

Further, in the optical element with reflecting 

15 portion for monitor 62, a light beam which is incident 
onto its reflecting portion 62a is reflected from the 
reflecting portion 62a toward the diffracting element 61 . 

In the diffracting element 61, although not 
illustrated in Figure 13, as in the diffracting device 3 

20 of the first embodiment for example, a diffracting portion 
for signal is formed in its center portion and a 
diffracting portion for monitor is formed in its 
peripheral portion. A light beam which is reflected from 
the reflecting portion 62a of the optical element with 

25 reflecting portion for monitor 62 is diffracted toward the 
photodetecting device 7, not illustrated in Figure 13, by 
the diffracting portion for monitor of the diffracting 
element 61. Also, a light beam which is reflected from 
the optical recording medium 10 and which is transmitted 

30 through the transmitting portion 62b of the optical 
element with reflecting portion for monitor 62 is incident 
onto the diffracting portion for signal of the diffracting 
element 61 , and is then diffracted toward the 
photodetecting portion 7 . 

35 In the optical pickup apparatus of this embodiment, 

the junction 63 between the diffracting element 61 and the 
optical element with reflecting portion for monitor 62 of 
the diffracting device with reflecting portion 60 is 
formed in blaze form, and a light beam for monitor which 

40 is reflected from the reflecting portion 62a of the 
optical element with reflecting portion for monitor 62 and 
a light beam for signal which is transmitted through the 
transmitting portion 62b of the optical element with 
reflecting portion for monitor 62 are diffracted and are 

45 incident onto the photodetecting device 7 by the junction 
63. 

Therefore, a diffracting light which is not incident 
onto the photodetecting device 7 , for example high order 
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lights of second or higher order and one of ± first order 
lights, which are not guided to the photodetecting device 
7 can be decreased, and the other of the ± first order 
lights which are guided to the photodetecting device, can 
5 be increased. 

In this embodiment, although the junction 63 between 
the diffracting element 61 and the optical element with 
reflecting portion for monitor 62 is formed in a blaze 
form, as illustrated in Figure 14, the form of the 

10 junction is not so limited. For example, referring to 
Figure 14, a diffracting device with reflecting portion 64 
may be formed such that the diffracting portion 65 and an 
optical element with reflecting portion for monitor 66 are 
integrated and the section of junction 67 between the 

15 diffracting element 65 and the optical element with 
reflecting portion for monitor 66 can be formed in a 
multi-level form of bilateral asymmetry. In Figure 14, in 
the optical element with reflecting portion for monitor 
66, a reflecting portion 66a is formed in its peripheral 

20 portion and a transmitting portion 66b is formed in its 
center portion. Thereby, the same technical advantages as 
described above can be also obtained. 

Finally, technical advantages of different 
embodiments of the present invention will be described. 

25 According to one aspect of the present invention, an 

optical pickup apparatus used in an optical data 
recording/ reproducing apparatus for reading/reproducing 
data on an optical recording medium includes a light 
source configured to emit a light beam, a diffracting 

30 device configured to transmit the light beam emitted from 
the light source, and to diffract the light beam reflected 
from the optical recording medium, an optical device 
having a reflecting portion and a transmitting portion, 
configured to reflect one part of the light beam emitted 

35 from the light source to the diffracting device by the 
reflecting portion and to transmit the other part of the 
light beam emitted from the light source to the optical 
recording medium by the transmitting portion, and to 
transmit the light beam reflected from the optical 

40 recording medium to the diffracting device by the 
transmitting portion, a photodetecting device configured 
to detect the light beam reflected from the optical 
recording medium through the optical device with 
reflecting portion and the diffracting device for signal 

45 light detection, and wherein the diffracting device 
includes a diffracting portion to diffract the one part of 
the light beam reflected by the reflecting portion of the 
optical device with reflecting portion to the 

20 

1253690 v1; QVCQ01I.DOC 
1253690 v1; QVCQ01I.DOC 



# # 



photodetecting device, so as to be detected on the 
photodetecting device for monitor light detection of the 
light source. Therefore, a signal light and a monitor 
light are guided to one photodetecting device by using 
5 only a transmitting type diffracting device of a 
transmitting type hologram, and thereby light utilization 
efficiency and accuracy of monitor light detection and 
signal light detection can be improved. 

According to another aspect of the present invention, 

10 in an optical pickup apparatus, the optical device with 
reflecting portion is integrated with the diffracting 
device. Therefore, the size of the apparatus can be 
relatively small, assembling of the apparatus can be 
simplified and the cost of the apparatus can be relatively 

15 low. Further, monitor light detection and signal light 
detection can be more stable and accurate. 

According to another aspect of the present invention, 
in an optical pickup apparatus, the diffracting device may 
include a polarization hologram portion for monitor 

20 configured to diffract the light beam reflected from the 
optical device with reflecting portion to the 
photodetecting device for monitor light detection. 
Therefore, diffracting efficiency can be improved, flare 
light can be reduced, and monitor light detection and 

25 signal light detection can be performed with increased 
sensitivity . 

According to another aspect of the present invention, 
an optical pickup apparatus used in an optical data 
recording/reproducing apparatus for reading/reproducing 

30 data on an optical recording medium includes multiple 
light sources configured to emit light beams of different 
wave lengths , a diffracting device configured to transmit 
the light beams emitted from the light sources and to 
diffract the light beams reflected from the optical 

35 recording medium, an optical device with reflecting 
portion having a reflecting portion and a transmitting 
portion configured to reflect one part of the light beams 
emitted from the light sources to the diffracting device 
by the reflecting portion, and to transmit the other parts 

40 of the light beams emitted from the light sources to the 
optical recording medium by the transmitting portion, and 
to transmit the light beams reflected from the optical 
recording medium to the diffracting device by the 
transmitting portion, a photodetecting device, configured 

45 to detect the light beams reflected from the optical 
recording medium through the optical device with 
reflecting portion and the diffracting device for signal 
light detection, and wherein the diffracting device 
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includes plural diffracting portions, in which each of the 
diffracting portions corresponds to one of the different 
wavelengths, to diffract the respective one parts of the 
light beams reflected by the reflecting portion of the 
5 optical device with reflecting portion to the 
photodetecting device, so as to be detected on the 
photodetecting device for monitor light detection of each 
of the light sources. Therefore, because monitor lights 
with respect to the light sources of plural wavelengths 
10 are detected on one detecting device, a circuit can be 
simpler and cost can be lower, and accuracy of monitor 
light detection and signal light detection can be 
improved . 

According to another aspect of the present invention, 

15 in an optical pickup apparatus , wherein the reflecting 
portion of the optical device with reflecting portion 
includes plural reflecting portions arranged at positions 
corresponding to the light beams of the plural 
wavelengths, and the plural diffracting portions of the 

20 diffracting device are arranged at positions corresponding 
to the plural reflecting portions of the optical device 
with reflecting portion respectively, and the light beams 
of different wavelengths reflected from the plural 
reflecting portions of the optical device with reflecting 

25 portion are diffracted by the plural diffracting portions 
of the diffracting device to the photodetecting device, so 
as to be detected on the photodetecting device for monitor 
light detection of each of the light sources. Therefore, 
a reflecting portion of an optical device with reflecting 

30 portion and a diffracting portion of a diffracting device 
are formed in position corresponding to each FFP of lights 
of different wavelengths, and the diffracting device can 
be simpler in structure, and monitor light detection and 
signal light detection can be more sensitive. 

35 According to another aspect of the present invention, 

in an optical pickup apparatus , the optical device with 
reflecting portion is integrated with the diffracting 
device. Therefore, size can be smaller, assembling 

ability can be simpler and cost can be lower, and monitor 

40 light detection and signal light detection can be more 
stable and accurate. 

According to another aspect of the present invention, 
in an optical pickup apparatus, the diffracting device is 
a polarization hologram whose diffracting function is 

45 different according to polarization state of the incident 
light beam, and includes plural polarization hologram 
portions configured to diffract the light beams of 
different wavelengths reflected from the optical device 
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with reflecting portion to the photode tec ting device for 
monitor light detection. Therefore, with respect to each 
of light beams of plural wavelengths , diffracting 
efficiency can be improved, flare light can be reduced, 
5 and monitor light detection and signal light detection can 
be more sensitive. 

According to another aspect of the present invention, 
in an optical pickup apparatus , a section of the 
diffracting device at a side of the optical device with a 

10 reflecting portion is formed in bilateral asymmetry. 
Therefore, intensity of a light beam which is guided to a 
photodetecting device within diffracting lights of ± first 
order can be large, and signal to noise ratio of monitor 
light detection and signal light detection can be 

15 improved, and a flare light can be reduced. 

Obviously, numerous modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims , the invention may be 

20 practiced otherwise than as specifically described herein. 
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